
Processed by Luminess, 75001 PARIS (FR)

(19)
EP

4 
44

2 
51

2
A

1
*EP004442512A1*

(11) EP 4 442 512 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
09.10.2024 Bulletin 2024/41

(21) Application number: 23166802.1

(22) Date of filing: 05.04.2023

(51) International Patent Classification (IPC):
B60R 1/12 (2006.01)

(52) Cooperative Patent Classification (CPC): 
B60R 1/12; B60R 2001/1253; B60R 2300/8006; 
G06V 20/597 

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL 
NO PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA
Designated Validation States: 
KH MA MD TN

(71) Applicant: Harman Becker Automotive Systems 
GmbH
76307 Karlsbad (DE)

(72) Inventors:  
• ISMAIL, Sameel Kassim

85748 Garching (DE)
• BRANDT, Peter

76327 Pfinztal (DE)
• ÖLGÜN, Ramazan Ferhat

80935 Munich (DE)

(74) Representative: Rummler, Felix
Maucher Jenkins
Liebigstraße 39
80538 München (DE)

(54) IMAGING SYSTEM

(57) An imaging system for a driver monitoring sys-
tem, comprising: a mirror element; a camera comprising
an imaging sensor, the camera being provided at a back
side of the mirror element; and a control unit; wherein
the control unit is configured to switch the mirror element

from a reflective mode to a transmissive mode when the
camera starts to scan a row of pixels of the imaging sen-
sor, and switch the display from the transmissive mode
to the reflective mode when the camera moves to a next
row of pixels.
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Description

FIELD OF THE INVENTION

[0001] The present disclosure relates to an imaging
system, a rearview mirror and a driver monitoring system
comprising the imaging system, as well as a method of
imaging an object.

BACKGROUND OF THE INVENTION

[0002] Recently, driver monitoring systems have
gained significant popularity as an essential safety fea-
ture in vehicles, offering a crucial means to prevent ac-
cidents and enhance the safety of all occupants.
[0003] Some driver monitoring systems employ a cam-
era placed on a steering column which tracks the face of
a driver such as their eyelid movements, head tilting an-
gle, or other physiological signals, and provide an alarm
to the driver to help them stay alert and focus on road
conditions. Some systems monitor the driver’s heart rate
and breathing patterns to detect changes that may indi-
cate a medical emergency. Some other driver monitoring
systems employ a camera positioned behind a semi-
transparent mirror of a rearview mirror of a vehicle. The
system comprises a camera and sensors that are posi-
tioned to monitor the driver’s face and eyes. The camera
captures images of the driver’s face, and the sensors
track the body movement of the driver, such as eyes,
head, or body. The system also includes image process-
ing means that analyzes the images and detects signs
of driver distraction, drowsiness, or fatigue. When the
system detects such signs, it alerts the driver accordingly
and helps the drive to refocus on the road conditions. A
driver monitoring system being included in a rearview
mirror of a vehicle allows for easy integration into existing
vehicle designs and enhances the overall safety of the
vehicle in a cost efficient way. Driver monitoring systems
are for example described in US10764484B2,
US20220252924A1, WO2022241423A1.

SUMMARY

[0004] An aspect of the present disclosure relates to
an imaging system for a driver monitoring system, includ-
ing: a mirror element; a camera comprising an imaging
sensor, the camera being provided at a back side of the
mirror element; and a control unit; wherein the control
unit is configured to switch the mirror element from a
reflective mode to a transmissive mode when the imaging
sensor of the camera starts to scan a row of pixels on
the imaging sensor, and switch the mirror element from
the transmissive mode to the reflective mode during the
time in which the imaging sensor of the camera moves
to a next row of pixels. The components of the imaging
system may be accommodated in a housing of a rearview
mirror of a vehicle. During manufacturing of a vehicle,
the components of the imaging system may be assem-

bled within the interior space of the rearview mirror. After
assembly, the imaging system may not be seen from
outside. From the driver or a passenger’s perspective,
the rearview mirror may be a conventional rearview mir-
ror being mounted on the windshield of the vehicle. Dur-
ing driving, the driver can use the rearview mirror to see
what is behind the vehicle without turning their head.
Meanwhile, the driver monitoring system inside the rear-
view mirror can monitor the behaviour of the driver to
improve road safety. In a preferred embodiment, the
components of the imaging system are invisible to the
driver, so that the driver would not be distracted or over-
whelmed by the components.
[0005] In one embodiment, the mirror element in-
cludes: a twisted nematic (TN) liquid crystal cell;
a first conductive glass panel and a second conductive
glass panel being positioned at both sides of the twisted
nematic liquid crystal cell and being adjacent to the twist-
ed nematic liquid crystal cell; and a first polarizer and a
second polarizer being positioned adjacent to the first
conductive glass panel and the second conductive glass
panel, respectively. The mirror element may be mounted
on a frame of the rearview mirror. Preferably, the rearview
mirror may be mounted in the middle interior of the vehicle
in the transverse direction. The TN liquid crystal cell in-
cludes liquid crystal materials having long, rod-like mol-
ecules that can align themselves in a specific direction
when an electric field is applied to the TN liquid crystal
cell. This enables the switching of the mirror element be-
tween the transmissive mode and the reflective mode.
[0006] Alternatively, in one embodiment, the mirror el-
ement includes: a twisted nematic liquid crystal cell, both
sides of the twisted nematic liquid crystal cell being cov-
ered with transparent electrodes; a first glass panel and
a second glass panel being positioned at both sides of
the twisted nematic liquid crystal cell and being adjacent
to the transparent electrodes; a first polarizer and a sec-
ond polarizer being positioned adjacent to the first glass
panel and the second glass panel, respectively. The
twisted nematic liquid crystal cell preferably formed as
previously described.
[0007] In one embodiment, the first polarizer and the
second polarizer are aligned in a same polarization di-
rection, or the first polarizer and the second polarizer are
aligned in a direction perpendicular to each other. In both
case, the mirror element can be switched between the
transmissive mode and the reflective mode. This embod-
iment may be combined with the previously described
embodiments.
[0008] In particular, the polarizer positioned proximate
to the camera is a reflective polarizer. The reflective po-
larizer reflects light waves of a specific polarization while
transmitting light waves of an opposite polarization. This
allows light having a particular polarization to be reflected
by the reflective polarizer.
[0009] Preferably, the imaging system further includes
one or more infrared (IR) illuminators proximate to the
camera. The one or more IR illuminators can work in
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conjunction with other components of the system to cap-
ture high quality images. For example, the IR illuminator
may be positioned proximate to the camera to capture
clear and detailed images of an object in low light condi-
tions or even in complete darkness. The IR illuminator
may include IR LEDs. IR LEDs are small in size, energy
efficient and have a relatively long life span. Alternatively
or additionally, the IR illuminator may include IR lamps
which have a longer illumination distance. In one embod-
iment, the intensity of the emitted light of the IR illuminator
may be adjusted to by the control unit to suit the specific
lighting conditions. Additionally, the angle of the emitted
light of the IR illuminator may also be adjusted by the
control unit.
[0010] The control unit preferably includes a driving
circuit for applying an electric field (voltage) to the twisted
nematic liquid crystal cell to control the orientation of the
liquid crystal molecules in the twisted nematic layer.
Through applying the electric field or removing the elec-
tric field, the mirror element switches between the above
described two modes.
[0011] A further aspect of the present disclosure re-
lates to a rearview mirror including an imaging system
as described above. The rearview mirror may be mount-
ed in the middle interior of the vehicle in the transverse
direction. The rearview mirror may also be mounted on
the left and right side of the vehicle.
[0012] A further aspect of the present disclosure re-
lates to a monitoring system, in particular a driver mon-
itoring system, including an imaging system as described
above. The driver monitoring system may monitor the
behaviour of the driver, such as eye movement, head
position, by using the imaging system as described
above, so as to improve road safety of vehicles.
[0013] A further aspect of the present disclosure re-
lates to a vehicle including an imaging system as de-
scribed above.
[0014] A further aspect of the present disclosure re-
lates to a method of imaging an object for a driver mon-
itoring system, including: switching a mirror element into
a transmissive mode and scanning a row of pixels of an
imaging sensor; and after finishing scanning the current
row of pixels, switching the mirror element into a reflective
mode and moving to a beginning of a second row of pix-
els. In particular, the control unit controls that after the
mirror element is switched to the transmissive mode, the
scanning of the row of pixels immediately ensues without
any delay or interruption. Similarly, after finishing scan-
ning the current row of pixels, the mirror element is
switched into another mode immediately without any de-
lay or interruption. An object may for example be the head
or face or upper body of a driver.
[0015] Especially, the method further includes: after
finishing scanning all pixels of the imaging sensor, com-
bining the scanned pixels to obtain an image of the object.
The control unit combines the scanned pixels into a com-
plete image. The control unit may perform a series of
tasks to combine the scanned pixels, including color cor-

rection, noise reduction, and image compression. The
control unit may use advanced image processing algo-
rithms that analyze the pixel data to identify specific pat-
terns or changes in the object’s, in particular the driver’s,
appearance or behavior. For example, the control unit
may use machine learning algorithms that have been
trained on a dataset of images and videos of drowsy or
fatigued drivers to recognize these visual cues in real-
time in the obtained image.
[0016] A further aspect of the present disclosure re-
lates to a method of monitoring an object, in particular a
driver, including the method as described above. Prefer-
ably, the method of monitoring further includes further
processing the image to identify specific patterns or
changes in the object’s appearance or behavior. Based
on the analysis of the imaged data, the driver could be
provided with visual and audible alerts when unsafe be-
havior is detected, such as drowsiness, sudden health
emergence and similar.
[0017] A further aspect of the present disclosure re-
lates to a computer program product comprising a com-
puter-readable storage medium including instructions
that, when executed by one or more processor, causes
the one or more processors to perform the method as
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Example embodiments of the disclosure will be
described, by way of example only, with reference to the
accompanying drawings in which:

Fig. 1 is a perspective overview of an interior of a
vehicle including a driver monitoring system;
Fig. 2 is a schematic view of a driver monitoring sys-
tem;
Fig. 3A is a schematic structure of a mirror element
according to one or more embodiments;
Fig. 3B is a schematic structure of a mirror element
according to one or more embodiments;
Fig. 4A and Fig. 4B are schematic diagrams of re-
flective mode and transmissive mode of a mirror el-
ement according to one or more embodiments;
Fig. 5A and Fig. 5B are schematic diagrams of trans-
missive mode and reflective mode of a mirror ele-
ment according to one or more embodiments; and
Fig. 6 is a flow diagram showing a method of imaging
an object according to one or more embodiments.

DETAILLED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS

[0019] There now follows, by way of example only, a
detailed description of embodiments of the present dis-
closure. The examples are described in reference to the
figures identified above, which are included to provide
further detail and clarity. It should be understood that the
examples described are not limiting, and that other ex-
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amples falling within the scope of the disclosure may ex-
ist.
[0020] Referring to Fig. 1, there is shown a driver mon-
itoring system 100 included in a vehicle 102 to monitor
a driver 108. The driver monitoring system 100 includes
an imaging system 106 (shown as a dashed rectangle).
Components of the imaging system 106 are preferably
accommodated in a housing of a rearview mirror 104 of
the vehicle 102. During manufacturing of a vehicle, the
components of the imaging system 106 may be assem-
bled within the interior space of the rearview mirror 104.
After assembly, the imaging system can preferentially
not be seen from the outside. From the driver 108 or a
passenger’s perspective, the rearview mirror 104 may
be a conventional rearview mirror being mounted on the
windshield of the vehicle 102. During driving, the driver
108 can use the rearview mirror 104 to see what is behind
the vehicle without turning their head. Meanwhile, the
driver monitoring system 100 inside the rearview mirror
104 can monitor the behaviour of the driver to improve
road safety. In a preferred embodiment, the components
of the imaging system 106 are invisible to the driver, so
that the driver would not be distracted or overwhelmed
by the components.
[0021] It goes without saying that the driving motioning
system may also be implemented in environments other
than a vehicle. For example, the driving motioning system
may be implemented in an airplane or a flight simulator.
The driving motioning system may further be implement-
ed in heavy machinery or equipment to ensure that op-
erators are alert and attentive while operating the ma-
chinery. It may also be used in mining and construction
equipment to monitor operators and alert them to poten-
tial hazards, such as fatigue or distraction, thereby re-
ducing the risk of accidents and improving workplace
safety.
[0022] Fig. 2 is a schematic view of the imaging system
106 in detail. The imaging system includes a mirror ele-
ment 202, a camera 204 and a control unit 206. Addition-
ally, the imaging system 106 may also include an infrared
illuminator 208. In one embodiment, the mirror element
202 is mounted on a frame of the rearview mirror. The
rearview mirror may correspond to the rearview mirror
104 shown in Fig. 1. In the present disclosure, the rear-
view mirror is preferably a rearview mirror that is mounted
in the middle interior of a vehicle as shown exemplarily
in Fig. 1. It goes without saying that the rearview mirror
may also be a left or right rearview mirror of a vehicle.
The mirror element 202 includes a front side and a back
side, the front side of the mirror element is the side that
faces a viewer, in particular the driver, and the back side
of the mirror element is the side that faces away from
viewer. Structures of the mirror element will be described
in detail with reference to Fig. 3.
[0023] The camera 204 is designed to capture facial
data of the driver, for example, during driving. The cam-
era 204 may in particular be provided at the back side of
the mirror element 202. The camera 204 may be posi-

tioned within the housing of the rearview mirror. Gener-
ally, the camera 204 may be any imaging device which
is capable to take images of a scene. For example, the
camera 204 may be a CCD camera or a CMOS camera.
CCD cameras are known for their high sensitivity and
low noise, making them ideal for use in low-light condi-
tions. CMOS cameras are known for their low power con-
sumption and high-speed performance, making them
suitable for use in mobile applications. The camera may
also be, or include, an infrared camera to provide a high
degree of detail and clarity in low-light or no-light condi-
tions, such as driving at night. Moreover, the camera 204
may be, or include, a wide-angle camera. This is partic-
ularly useful for capturing images of the driver accurately,
no matter whether the driver sits closer to the steering
wheel or further away.
[0024] The camera 204 includes an imaging sensor
210 to capture images by converting the light from a
scene into electrical signals. For example, during driving,
the imaging sensor can scan the face of the driver from
line to line, with each line of pixels capturing the light
intensity and color information of a portion of the face. In
this specific example, the face of the driver constitutes
the object to be imaged. When light enters the camera
204 through its lens (not shown), it is focused onto the
surface of the imaging sensor, where each pixel detects
the amount of light falling onto it. The light is converted
into an electrical charge, which is then amplified and read
out by a circuit on the imaging sensor. The readout proc-
ess may be done in a row-by-row (line-by-line) fashion,
starting from the top of the image and moving down to
the bottom or vice versa. Once the image is captured by
the imaging sensor, it is transferred to the control unit
206 for further analysing.
[0025] In the imaging system 206, the control unit 206
is configured to control and coordinate the functions of
other components in the imaging system 206, for exam-
ple, the mirror element 202 and the camera 204. For ex-
ample, the control unit 206 controls the settings of the
camera 204, and the processing of image data for storage
and analysis. The control unit 206 may include a micro-
controller with advanced image processing capabilities.
In an alternative embodiment, the control unit 206 may
include a computer system with specialized software
and/or firmware for image analysis. The control unit may
be located outside the camera. Alternatively or addition-
ally, the control unit may be integrated into the camera.
[0026] Preferably, the imaging system 106 may also
include an infrared (IR) illuminator 208, which works in
conjunction with other components of the system to cap-
ture high quality images. The IR illuminator 208 may be
positioned proximate to the camera 204 to capture clear
and detailed images of an object in low light conditions
or even in complete darkness. In one embodiment, the
IR illuminator 208 may include IR LEDs. IR LEDs are
small in size, energy efficient and have a relatively long
life span. Alternatively, the IR illuminator 208 may include
IR lamps which have a longer illumination distance. In
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one embodiment, the intensity of the emitted light of the
IR illuminator 208 may be adjusted to by the control unit
206 to suit the specific lighting conditions. Additionally,
the angle of the emitted light of the IR illuminator 208
may also be adjusted by the control unit 206.
[0027] Referring to Fig. 3A, there is shown a schematic
structure of a mirror element 300a of the imaging system
106 of the driver monitoring system 100 according to one
embodiment. The mirror element 300a may include a
twisted nematic (TN) liquid crystal cell (or layer) 302a.
The TN liquid crystal cell 302a includes liquid crystal ma-
terials having long, rod-like molecules that can align
themselves in a specific direction when an electric field
is applied to the TN liquid crystal cell 302a. The TN liquid
crystal cell 302a is sandwiched between a first and a
second conductive glass panel 304a and 306a. That is:
the first and a second conductive glass panels 304a and
306a are positioned at both sides of the TN liquid crystal
cell 302a, respectively. The first and second conductive
glass panels 304a and 306a are adjacent to the TN liquid
crystal cell 302a. In such way, the first and second con-
ductive glass panels 304a and 306a can be used to apply
an electric field to the TN liquid crystal cell 302a. This
allows for the manipulation of the molecular orientation
of the liquid crystals in the TN liquid crystal cell 302a,
leading to changes in the polarization of light passing
through the cell.
[0028] The first conductive glass panel 304a is covered
with a first polarizer 308a, and the second conductive
glass panel is covered with a second polarizer 310a. The
first and second polarizers are a type of optical filter that
is used to control the polarization of light. They are made
up of a material that selectively transmits light waves that
are oscillating in a specific direction, while blocking or
absorbing light waves that are oscillating in other direc-
tions. For example, the polarizers may be made up of a
thin layer of material that contains aligned molecules.
When unpolarized light passes through the filter formed
by the polarizers, the light waves that are oscillating in
the same direction as the aligned molecules are trans-
mitted, while the light waves that are oscillating perpen-
dicular to the alignment are blocked. In particular, one of
the first polarizer 308a and the second polarizer 310a
may be a reflective polarizer, which reflects light waves
of a specific polarization while transmitting light waves
of an opposite polarization, while the other polarizer of
the first polarizer 308a and the second polarizer 310a
may be a conventional polarizer that allows light wave to
be transmitted in a particular polarization.
[0029] Referring to Fig. 3B, there is shown a schematic
structure of a mirror element 300b according to another
embodiment. The mirror element 300b may include a
twisted nematic (TN) liquid crystal cell (or layer) 302b
which is the same as the twisted nematic (TN) liquid crys-
tal cell (or layer) 302a described in conjunction with Fig.
3A. The mirror element 300b differs from the mirror ele-
ment 300a in that a first glass panel 304b and a second
glass panel 306b are conventional glass panels posi-

tioned in the mirror element 300b to protect the TN liquid
crystal cell 302b. In order to apply an electric field to the
TN liquid crystal cell 302b, the TN liquid crystal cell 302b
is sandwiched between two transparent electrodes 312b
and 314b. The two transparent electrodes 312b and 314b
are positioned adjacent to the twisted nematic (TN) liquid
crystal cell 302b, respectively.
[0030] The first glass panel 304b is covered with a first
polarizer 308b, and the second glass panel 306b is cov-
ered with a second polarizer 310b. These two polarizers
are the same as the first polarizer 308a and the second
polarizer 310a described above in conjunction with Fig.
3A.
[0031] The mirror elements 300a and 300b have two
modes: a transmissive mode and a reflective mode. In a
transmissive mode, electromagnetic radiation, such as
light, can pass through the mirror element with minimal
reflection, scattering or absorption. In other words, the
mirror element in a transmisive mode behaves like a reg-
ular glass panel, which exhibits excellent transparency
and clarity. In contrast to the transmissive mode, in the
reflective mode, electromagnetic radiation reaching the
mirror element is reflected back to a viewer, for instance
the driver. In other words, the mirror element in a reflec-
tive mode behaves like a regular mirror.
[0032] Fig 4A is a schematic view of a reflective mode
of a mirror element of an imaging system of a driver mon-
itoring system 400 as exemplarily shown in Fig 1, the
driver monitoring system 400 corresponding to the driver
monitoring system 100 with the imaging system 106
shown in Figs. 1 and 2. The mirror element shown in Fig.
4 corresponds to the mirror element 202 shown in Fig. 2
and in particular to the mirror element 300a shown in Fig.
3A.
[0033] The driver monitoring system 400 may be initi-
ated in various ways depending on specific systems and
vehicles. For example, the driver monitoring system 400
may be automatically initiated when an engine of a ve-
hicle is started, or when the driver’s seatbelt is fastened.
This may involve using sensors to detect a driver’s pres-
ence or movements, such as a weight sensor in the driver
seat or a camera mounted on the dashboard. Alterna-
tively or additionally, the driver monitoring system may
be manually activated by the driver through a button or
switch on the dashboard or steering wheel. The driver
monitoring system may also be manually activated re-
motely through mobile devices, such as smartphones,
tablets, smartwatches or the like. This can allow the driver
or a vehicle owner to activate the system from a distance,
such as when someone else is using the vehicle or when
a teenage driver is to be monitored, or when a truck driver
is to be monitored especially during night duty. Remote
initiation of the driver monitoring system may involve us-
ing a dedicated application that is installed on a mobile
device. The application may allow a user to activate the
system, set alerts or notifications, and view real-time data
about the driver’s behavior.
[0034] Referring to Fig. 4A, the two conductive glass
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panels 404 and 406 of the mirror element are electrically
connected to the control unit 206, the conductive glass
panels 404 and 406 corresponding to the conductive
glass panels 304a and 306a described in conjunction
with Fig. 3A. A camera 204 is both electrically and com-
municatively connected to the control unit 206, enabling
the control unit 206 to exercise control over the camera
204 and its functionalities. The camera 204 and the con-
trol unit 206 correspond to the ones described in con-
junction with Fig. 2. The camera 204 may preferably be
mounted at a backside of the imaging system. It is noted
that a viewer side or front side is located adjacent to a
first polarizer 408, and a back side is located adjacent to
a second polarizer 410, the first polarizer 408 and the
second polarizer 410 corresponding to the first polarizer
308a and the second polarizer 310a described in con-
junction with Fig. 3A. When the control unit 206 receives
a signal from the vehicle’s ignition system, it may send
a start command to the camera 204. The camera may
capture images and/or video(s) of an object such as the
driver’s face, head, and eyes to detect signs of fatigue,
distraction, or drowsiness. The control unit 206 may also
control the camera’s sensitivity, resolution, exposure set-
tings or the like to optimize image quality and minimize
false alarms. It may also use algorithms and machine
learning techniques to analyze the camera data in real-
time and generate alerts or warnings if the driver shows
signs of unsafe behavior. The camera 204 includes an
imaging sensor having a two-dimensional array of light-
sensitive components, namely pixels. The pixels are ar-
ranged in rows and columns on the sensor, with each
pixel responsible for capturing the light that falls on it and
converting it into an electrical signal. The rows and col-
umns of the pixels on the imaging sensor are read out
sequentially to create an image. The imaging sensor
scans a scene, and hence the object to be captures/im-
aged, line by line, starting preferentially at the top left
corner of the image and moving to the right until it reaches
the end of the row. It then moves to the next row and
repeats the process until the entire image has been cap-
tured.
[0035] The control unit 206 is responsible for initiating
and controlling the camera 204 and the mirror element.
The control unit may include a microprocessor, software
and/or firmware, and input/output interfaces. The micro-
processor executes instructions that control the opera-
tion of the camera 204 and the mirror element. The in-
put/output interfaces allow the control unit 206 to com-
municate with the imaging sensor of the camera 204.
[0036] As can be seen from Fig. 4A, the polarization
direction of the first polarizer 408 and the second polar-
izer 410 are aligned in a same direction. When no voltage
is applied to the two conductive glass panels 404 and
406 (denoted as "OFF" in Fig. 4A), the molecules of the
twisted nematic liquid crystal cell 402 remain twisted at
an angle of 90 degrees between the first polarizer 408
and the second polarizer 410, only the second polarizer
410 being a reflective polarizer. This twist causes the

polarization direction of light entering the first polarizer
408 and passing through the twisted nematic liquid crys-
tal cell 402 to rotate by 90 degrees. As a result, the po-
larization of the light exiting the twisted nematic liquid
crystal cell 402 is perpendicular to the polarization of the
second polarizer 410. Consequently, light cannot pass
through the second polarizer 410 and is reflected by the
second polarizer 410. Such state of the mirror element
is referred to as reflective mode. In the reflective mode,
the mirror element behaves like a regular mirror. The
mirror element in the reflective mode helps the driver to
see the scene behind them without turning their head.
The twisted nematic liquid crystal cell 402 corresponds
to the twisted nematic liquid crystal cell 302a, 302b de-
scribed in conjunction with Figs. 3A and 3B.
[0037] Referring to Fig. 4B, when the control unit 206
applies an electric field to the two conductive glass panels
404 and 406 (denoted as "ON" in Fig. 4B), the twist of
the molecules in twisted nematic liquid crystal cell 402 is
unwind (untwisted). Hence, light entering the first polar-
izer 408 can pass through the second polarizer 410 after
exiting the twisted nematic liquid crystal cell 402. Such
state of the mirror element is referred to as transmissive
mode. In the transmissive mode, the mirror element be-
haves like a regular glass panel having high transparency
and clarity. In the transmissive mode, light is able to pass
through the mirror element and reach the camera 204.
In the embodiment as shown in Figs. 4A and 4B, the
application of the electric field switches the reflective
mode of the mirror element to the transmissive mode.
Similarly, when the control unit 206 removes the electric
field on the two conductive glass panels 404 and 406,
the mirror element will be switched back to the reflective
mode.
[0038] In the embodiment depicted in Figs. 4A and 4B,
the mirror element starts in the reflective mode (Fig. 4A,
"OFF" state). When the imaging sensor of the camera
204 starts to scan a row of pixels as described above,
the control unit applies an electric field to the conductive
glass panels 404 and 406. Under the effect of the electric
field, the reflective mode of the mirror element is switched
to the transmissive mode. As such, light can pass through
the mirror element and falls onto the imaging sensor.
After finishing scanning the current row, the imaging sen-
sor moves to a next row. During the time of moving from
the current row to a next row, the control unit 206 removes
the electric field applied to the conductive glass panels
404 and 406. Consequently, the transmissive mode of
the mirror element is switched to the reflective mode.
Similarly, when the imaging sensor starts to scan the next
row of pixels, the reflective mode of the mirror element
is again switched to the transmissive mode. This process
is repeated until the scanning process is completed. Af-
terwards, the image is assembled from the individual
rows captured by the imaging sensor for further process-
ing by the control unit 206. Throughout the scanning proc-
ess, the mirror element switches repeatedly between the
two modes, but a viewer (a driver or a passenger sitting

9 10 



EP 4 442 512 A1

7

5

10

15

20

25

30

35

40

45

50

55

in the vehicle) would not notice this due to the subtle time
intervals between each transition. Within the whole time,
the viewer is able to uninterruptedly use the mirror ele-
ment as a regular rearview mirror.
[0039] In the embodiment shown in Figs. 4A and 4B,
the polarization directions of the two polarizers 408 and
410 are aligned in the same direction. In such alignment,
since the mirror element 400 behaves like to regular mir-
ror when there is no voltage applied to the conductive
glass panel, the viewer would not see through the mirror
element and notice the camera, regardless of whether
the vehicle is powered on or powered off. However, it is
possible that the polarization direction of the two polar-
izers align in directions perpendicular to each other. This
is illustrated in Figs. 5A and 5B.
[0040] Fig 5A is a schematic view of transmissive mode
of a mirror element of an imaging system of a driver mon-
itoring system 400 of another embodiment. The driver
monitoring system 400 corresponds to the driver moni-
toring system 100 with the imaging system 106 shown
in Figs. 1 and 2. The mirror element shown in Fig. 5 cor-
responds to the mirror element 202 shown in Fig. 2 and
in particular to the mirror element 300a shown in Fig. 3A.
Referring to Fig. 5A, the two conductive glass panels 504
and 506 are electrically connected to the control unit 206.
The conductive glass panels 504 and 506 correspond to
the conductive glass panels 304a and 306a described in
conjunction with Fig. 3A. The camera 204 is both elec-
trically and communicatively connected to the control unit
206. It is noted that a viewer side is located proximate to
the first polarizer 508, and a back side is located proxi-
mate to the second polarizer 510. The first polarizer 508
and the second polarizer 510 correspond to the first po-
larizer 308a and the second polarizer 310a described in
conjunction with Fig. 3A. In the present embodiment the
second polarizer 510 is a reflective polarizer. The polar-
ization directions of the first polarizer 508 and the second
polarizer 510 are aligned in a direction substantially per-
pendicular to each other. When no voltage is applied to
the two conductive glass panels 504 and 506 (denoted
as "OFF" in Fig. 5A), the molecules of the twisted nematic
liquid crystal cell 402 are twisted at an angle of 90 degrees
between the first polarizer 508 and the second polarizer
510. This twist causes the polarization direction of light
entering the first polarizer 508 and passing through the
twisted nematic liquid crystal cell 502 to rotate by 90 de-
grees, causing light to pass through the second polarizer
510 (transmissive mode). Hence, the camera 204 can
see through the mirror element and take images of a
scene/an object. The twisted nematic liquid crystal cell
502 corresponds to the twisted nematic liquid crystal cell
302a, 302b described in conjunction with Figs. 3A and
3B.
[0041] Referring to Fig. 5B, when the control unit 206
applies an electric field to the two conductive glass panels
504 and 506 (denoted as "ON" in Fig. 5B), the twist of
the molecules in the nematic liquid crystal cell 502 is un-
wind (untwisted). As a result, the polarization of light ex-

iting the twisted nematic liquid crystal cell 502 is perpen-
dicular to the polarization of the second polarizer 510.
Consequently, light cannot pass through the second po-
larizer 510 and is reflected by the second polarizer (re-
flective mode). Hence, the mirror element behaves like
a regular mirror. The mirror element in the reflective mode
helps the driver to see the scene behind them without
turn their head. In other words, the application of an elec-
tric field switches the mirror element from transmissive
mode to reflective mode in this embodiment.
[0042] In the embodiment depicted in Figs. 5A and 5B,
the mirror element starts in the transmissive mode (Fig.
5A, "OFF" state), in which light can pass through the mir-
ror element and reach the imaging sensor of the camera
204. In this embodiment, due to the perpendicular polar-
ization of the polarizers 508 and 510, the imaging sensor
of the camera 204 may start to scan a row of pixels as
described above directly after the driver monitoring sys-
tem is initiated. After finish scanning the current row, the
imaging sensor moves to a next row. During the time of
moving from the current row to a next row, the control
unit 206 applies an electric field to the conductive glass
panels 504 and 506. Consequently, transmissive mode
of the mirror element is switched to reflective mode. Sim-
ilarly, when the imaging sensor starts to scan the next
row of pixels, the reflective mode of the mirror element
is again switched back to the transmissive mode. The
process repeats until the scanning process is completed.
Afterwards, the image is assembled from the individual
rows captured by the imaging sensor for further process-
ing of the control unit 206. Throughout the scanning proc-
ess, the mirror element switches repeatedly between the
two modes, but the driver would not notice this due to
the subtle time intervals between each transition. Within
the whole time, the driver is able to uninterruptedly use
the mirror element as a regular rearview mirror.
[0043] The embodiments depicted in Figs. 4 and 5 may
include one or more IR illuminators. The one or more IR
illuminators can work in conjunction with other compo-
nents of the system to capture high quality images. For
example, an IR illuminator may be positioned proximate
to the camera 204 to capture clear and detailed images
of an object in low light conditions or even in complete
darkness. The IR illuminator may in particular include IR
LEDs. IR LEDs are small in size, energy efficient and
have a relatively long life span. Alternatively, the IR illu-
minator may include IR lamps which have a longer illu-
mination distance. The intensity of the emitted light of the
IR illuminator may be adjusted to by the control unit 208
to suit the specific lighting conditions. Additionally, the
angle of the emitted light of the IR illuminator may also
be adjusted to by the control unit 208.
[0044] It goes without saying that the mirror element
depicted in Fig. 3B may also be applied in a similar way
as described above.
[0045] Fig. 6 shows a process 600 of imaging an object
according to one embodiment. At step 602, the driver
monitoring system is initialized. Therein the driver mon-
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itoring system corresponds to the driver monitoring sys-
tems 100, 400 or 500 described above. The driver mon-
itoring system may be initiated in various ways depending
on the specific systems and vehicles. For example, the
driver monitoring system may be automatically initiated
when an engine of a vehicle is started, or when the driv-
er’s seatbelt is fastened. This may involve using sensors
to detect a driver’s presence or movements, such as a
weight sensor in the driver-seat or a camera mounted on
the dashboard. Alternatively, or additionally, the driver
monitoring systems may be manually activated by the
driver through a button or switch on the dashboard or
steering wheel. The driver monitoring system may also
be manually activated remotely through mobile devices,
such as smartphones, tablets, smartwatches or the like.
This can allow the driver or a vehicle owner to activate
the system from a distance, such as when someone else
is using the vehicle or when a teenage driver is to be
monitored, or when a truck driver is to be monitored dur-
ing night duty. Remote initiation of the driver monitoring
system may involve using a dedicated application that is
installed on a mobile device. The application may allow
a user to activate the system, set alerts or notifications,
and view real-time data about the driver’s behavior.
[0046] After initiation of the driver monitoring system,
a control unit starts to send signals to a camera and a
mirror element (the control unit, camera and mirror ele-
ment corresponding to those described above in con-
junction with in Figs. 2, 3, 4 and 5). At step 604, the control
unit switches the mirror element into a transmissive mode
and sends an electrical signal to the camera to power it
on and initialize the scanning process. For example, in
the embodiment depicted in Figs. 4A and 4B, where the
polarization direction of the two polarizers 404 and 406
align in the same direction, the control unit applies an
electric field to the mirror element to configure/set the
mirror element into the transmissive mode. In the em-
bodiment depicted in Figs. 5A and 5B, where the polar-
ization directions of the two polarizers 504 and 506 align
in a direction perpendicular to each other, the mirror el-
ement is already in the transmissive mode. Therefore,
there is no need to apply an electric field at the moment.
In this step, the control unit instructs the camera to start
scanning from a specific location on the imaging sensor
and move in a specific pattern or direction, for example,
in a left-to-right or top-to-bottom way. This process is
controlled by the camera’s internal software and the elec-
trical signals sent by the control unit.
[0047] At step 606, the control unit verifies if the scan-
ning of current row has been completed. If the scanning
of the current row has been completed, the process pro-
ceeds to step 608, if the scanning is not completed, the
control unit waits until it is finished.
[0048] After finishing scanning the current row of pix-
els, at step 608, the control unit instructs the camera to
move to a next line of pixels on the imaging sensor. At
the same time, the control unit switches the mirror ele-
ment into reflective mode. For example, in the embodi-

ment depicted in Figs. 4A and 4B, the control unit re-
moves the electric field applied to the mirror element. In
the embodiment depicted in Figs. 5A and 5B, the control
unit applies an electric field to the mirror element.
[0049] At step 610, the control unit verifies if the camera
is ready to scan the next row of pixels. If the camera is
ready to scan the next row of pixels, the process proceeds
to step 612, in which the control unit verifies if all pixels
on the imaging sensor have been scanned. If not all the
rows of pixels have been scanned, the process proceeds
to step 604 and step 604 and the subsequent steps are
repeated. If all the rows of pixels have been scanned,
the process proceeds to step 614.
[0050] At step 614, once all the pixels of the imaging
sensor have been scanned, the control unit starts to proc-
ess the image. For example, the control unit combines
the scanned pixels into a complete image. The control
unit may perform a series of tasks to combine the
scanned pixels, including color correction, noise reduc-
tion, and image compression. The control unit may use
advanced image processing algorithms that analyze the
pixel data to identify specific patterns or changes in the
driver’s appearance or behavior. For example, the control
unit may use machine learning algorithms that have been
trained on a dataset of images and videos of drowsy or
fatigued drivers to recognize these visual cues in real-
time.
[0051] Once the control unit has recognized these vis-
ual cues, it may trigger an alert to the driver to indicate
that they are showing signs of drowsiness or fatigue. This
alert may take the form of a visual or audible warning,
such as a flashing light or a sound designed to prompt
the driver to take a break or pull over to rest.
[0052] The control unit may, for example, continuously
monitor the driver’s behavior and actions, capturing im-
ages and processing data in real-time. This may provide
a high level of accuracy and responsiveness, but may
also require a significant amount of computational re-
sources and power. Alternatively, or at intervals, the con-
trol unit may operate at a lower frequency, capturing im-
ages and processing data every few seconds. This may
help to conserve power and computational resources.
The specific frequency at which the driver monitoring sys-
tem operates depends on a range of factors, including
the system’s intended application, the available compu-
tational resources, and the power requirements of the
system.

Claims

1. An imaging system (106) for a driver monitoring sys-
tem (100, 400), comprising:

a mirror element (202, 300a, 300b);
a camera (204) comprising an imaging sensor
(210), the camera (204) being provided at a back
side of the mirror element (202, 300a, 300b); and
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a control unit (206);
wherein the control unit (206) is configured to
switch the mirror element (202, 300a, 300b) from
a reflective mode to a transmissive mode when
the imaging sensor (210) of the camera (204)
starts to scan a row of pixels on the imaging
sensor (210), and switch the mirror element
(202, 300a, 300b) from the transmissive mode
to the reflective mode during the time in which
the imaging sensor (210) of the camera (204)
moves to a next row of pixels.

2. The imaging system (106) according to claim 1,
wherein the mirror element (300a) comprises:

a twisted nematic liquid crystal cell (302a);
a first conductive glass panel (304a) and a sec-
ond conductive glass panel (306a) being posi-
tioned at both sides of the twisted nematic liquid
crystal cell (302a) and being adjacent to the
twisted nematic liquid crystal cell (302a); and
a first polarizer (308a) and a second polarizer
(310a) being positioned adjacent to the first con-
ductive glass panel (304a) and the second con-
ductive glass panel (306a), respectively.

3. The imaging system (106) according to claim 1,
wherein the mirror element (300b) comprises:

a twisted nematic liquid crystal cell (302b), both
sides of the twisted nematic liquid crystal cell
being covered with transparent electrodes
(312b, 314b);
a first glass panel (304b) and a second glass
panel (306b) being positioned at both sides of
the twisted nematic liquid crystal cell (302b) and
being adjacent to the transparent electrodes
(312b, 314b); and
a first polarizer (308b) and a second polarizer
(310b) being positioned adjacent to the first
glass panel (304b) and the second glass panel
(306b), respectively.

4. The imaging system (106) according to claims 2 or
3, wherein the first polarizer (308a, 308b) and the
second polarizer (310a, 310b) are aligned in a same
polarization direction, or the first polarizer and the
second polarizer are aligned in a direction perpen-
dicular to each other.

5. The imaging system (106) according to one of claims
2-4, wherein the polarizer (310a, 310b) being prox-
imate to the camera (204) is a reflective polarizer.

6. The imaging system (106) according to any of the
preceding claims, further comprising:
one or more infrared illuminators (208) proximate to
the camera (204).

7. The imaging system (106) according to any of the
preceding claims, wherein the control unit (206) com-
prises a driving circuit for applying a voltage to the
twisted nematic liquid crystal cell (302a, 302b) to
control the orientation of the liquid crystal molecules
in the twisted nematic crystal cell (302a, 302b).

8. A rearview mirror comprising an imaging system
(106) according to any of the preceding claims.

9. A monitoring system, in particular a driver monitoring
system (100, 400), comprising an imaging system
(106) according to any of claims 1-7.

10. A method of imaging an object (108) for a driver mon-
itoring system (100, 400) according to claim 9, the
method comprising the steps of:

switching a mirror element (202, 300a, 300b) to
a transmissive mode and scanning a row of pix-
els on an imaging sensor (210) of a camera
(204); and
after finish scanning the current row of pixels,
switching the mirror element (202, 300a, 300b)
to a reflective mode and moving to the beginning
of a second row of pixels on the imaging sensor
(210).

11. The method according to claim 10, further compris-
ing:
after finishing scanning all pixels on the imaging sen-
sor (210), combining the scanned pixels to obtain an
image of the object (108).

12. A method of monitoring an object (108), in particular
a driver, comprising the method as defined in claims
10 or 11.

13. The method of claim 12, further comprising:
further processing the image to identify specific pat-
terns or changes in the object’s appearance or be-
havior.

14. A computer program product comprising a compu-
ter-readable storage medium including instructions
that, when executed by one or more processors,
cause the one or more processors to perform the
method according to any of claims 10-13.
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